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Abstract: Long non-coding RNA tissue differentiation-inducing non-protein coding (TINCR) is associated with the car-
cinogenesis of several cancers. However, little is known about the function and mechanism of TINCR in lung adeno-
carcinoma (LUAD). Here, we aimed to analyze expression of TINCR and elucidate its mechanistic involvement in the
progression of LUAD. The expression of TINCR was investigated according to Gene Expression Profiling Interactive
Analysis at first and then detected in 29 LUAD tissues and paired adjacent normal tissues using qRT-PCR. Results
indicated that TINCR was evidently downregulated in LUAD. The association between TINCR and clinicopathological
parameters was analyzed by Pearson’s chi-square test, suggesting TINCR was closely correlated with TNM stage
and lymph mode metastasis. Subsequently, the function role of TINCR was examined by gain- and loss-of-function
studies in LUAD (A549 and NCI-H292) cells. As analyzed by the scratch wound-healing and transwell assays, results
revealed that TINCR suppressed the migration and invasion of A549 and NCI-H292 cells. However, TINCR exerted
no effects on the cell proliferation as determined by CCK8 assay. Furthermore, we reported that loss of Spa could in-
hibit TINCR expression. Expressions of miR-107/miR-1286 were detected by gRT-PCR assay in A549 and NCI-H292
cells after TINCR knockdown or overexpression. In addition, the direct binding ability of the predicted miR-107 or
miR-1286 binding site on TINCR was validated by luciferase activity assay. Results indicated TINCR could constrain
the expression of miR-107/miR-1286, and was a target of them in LUAD cells. Bioinformatics analyses showed
that BTRC and RAB14 was the potential target gene of miR-107 and miR-1286, respectively. These data revealed a
possible regulatory mechanism in which upregulation of TINCR induced by Sp1 could constrain the migration and
invasion through regulating miR-107 or miR-1286 in LUAD cells. Conjointly, our findings provide a valuable insight
into the regulatory mechanism of TINCR in LUAD, supportive to its potential of therapeutic target for LUAD patients.
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Introduction underlying LUAD have not yet been completely
elucidated.

Lung cancer is the leading cause of cancer-

related deaths worldwide, making it a major
global health problem [1]. Carcinomas of non-
small cell type represent approximately
85-90% of all new lung cancer diagnoses [2,
3]. These carcinomas are further classified
into several major histological subtypes as
following: lung adenocarcinoma (LUAD), ade-
nosquamous cell carcinoma, squamous cell
carcinoma, large cell carcinoma, and sarco-
matoid carcinoma [4]. Among these types,
LUAD is the most common with an increasing
frequency [5]. However, the mechanisms

Long non-coding RNAs (IncRNAs) are regulatory
molecules with a length of more than 200
nucleotides, with limited protein-coding capaci-
ty [6]. Mounting evidence has indicated that
they play roles in various biological processes
such as cell multiplication, gene expression,
and differentiation [7]. In addition, emerging
evidence suggests that IncRNAs are associated
with the pathogenesis and progression of
human diseases, especially in tumors [8].
Various differentially expressed IncRNAs play
vital roles in different tumors, and can be used
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as diagnostic and prognostic biomarkers [9,
10]. This is evident in the case of LINC01512 in
LUAD [11], antisense non-coding RNA in the
INK4 locus (ANRIL) in gastric cancer [12],
TCONS_00006195 in hepatocellular carcino-
ma [13], NF-KappaB Interacting LncRNA
(NKILA) in non-small cell lung cancer [14].

Tissue differentiation-inducing non-protein co-
ding RNA (TINCR), a 3.7-kb IncRNA located on
human chromosome 19, is required for stabiliz-
ing mMRNA for key differentiation genes [15].
Assembling evidence suggests that aberrant
expression of TINCR is closely associated with
a variety of human cancers. An example of this
is the study carried out by Xu, et al. in which
TINCR contributes to the oncogenic potential of
gastric cancer [16]. This is also evident in the
case that loss of TINCR expression promotes
the proliferation and metastasis in colorectal
cancer [17]. In addition, the existing reports
about the role of TINCR in lung cancer [18, 19],
breast cancer [20], esophageal squamous cell
carcinoma [21] are strongly supportive. How-
ever, little is known about the function and
mechanism of TINCR in the progression of
LUAD.

In this study, we aimed to investigate the func-
tion role and preliminary regulatory mechanism
of TINCR in LUAD. Firstly, the expression profil-
ing of TINCR was predicted in LUAD and in its
different stages according to Gene Expression
Profiling Interactive Analysis (GEPIA), and then
analyzed in 29 LUAD tissues compared with
paired adjacent normal tissues. The associa-
tion between TINCR and clinicopathological
parameters was also evaluated. Secondly, the
functional role of TINCR in the proliferation,
migration and invasion of LUAD cells was
assessed. Finally, the regulatory mechanism of
TINCR in LUAD was preliminarily explored.

Materials and methods
GEPIA analysis

GEPIA is a web server for cancer and normal
gene expression profiling and interactive analy-
ses [22]. To determine the aberrant expression
of TINCR, we investigated TINCR expression in
LUAD tissues and adjacent normal tissues
from GEPIA (http://gepia.cancer-pku.cn/detail.
php?gene=TINCR) with following criteria in
Column of Expression DIY-Profile: Gene, TINCR;
Differential Methods, ANOVA; |Log,FC| Cutoff,
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1; g-value Cutoff, 0.01; Log Scale, No; Dataset
(Cancer name), LUAD; Plot Width, 12. In addi-
tion, TINCR expression in LUAD at different
stages (stage |, Il, lll, IV) was visualized in GEPIA
(http://gepia.cancer-pku.cn/detail.php?gene=
TINCR) with following criteria in Column of
Expression DIY-Stage plot: Gene, TINCR; Use
major stage, Yes; Datasets Selection (Cancer
name), LUAD; Log Scale, Yes.

The correlation between TINCR and Spil in
LUAD tissues or adjacent normal tissues was
analyzed from GEPIA (http://gepia.cancer-pku.
cn/detail.php?gene=TINCR) with following crite-
ria in Column of Correlation: Gene A: TINCR,
Gene B: Spil; Correlation Coefficient: Spear-
man; Used Expression Datasets: TCGA Tumor
or TCGA Normal. As for the case of TINCR and
BTRC or RAB14, the criteria of Gene B was
BTRC or RAB14. The remaining sets were the
same to the abovementioned.

Protein-protein interaction (PPIl) network con-
struction for the potential targets of miR-107/
miR-1286

The picTar (https://pictar.mdc-berlin.de/cgi-
bin/PicTar_vertebrate.cgi), miRanda (http://
www.microrna.org/microrna/home.do), Targe-
tscan (http:;//www. targetscan.org/vert_72/),
RNA22 (http://www.mybiosoftware.com/rna2-
2-v2-microrna-target-detection.html), were ap-
plied to explore potential targets for miR-107.
miRDB (http://mirdb.org/), and Targetscan
(http://www. targetscan.org/vert_72/), were
employed to evaluate potential targets for miR-
1286. The potential targets for miR-107 or miR-
1286 were obtained by the overlap of respec-
tive databases selected. The freely accessible
Search Tool for the Retrieval of Interacting
Genes (STRING) database (http://string-db.org)
contains established and predicted PPl [23].
The potential targets were mapped onto the
web-based tool STRING to generate a PPl net-
work. The nodes and edges independently rep-
resented proteins and their interactions.
Cytoscape (http://www.cytoscape.org/) [24]
was employed to \visualize these net-
works.

Patients and samples

With the informed consents of all patients, a
total of 29 cases of LUAD tissues and adjacent
normal tissues were collected from LUAD
patients undergoing surgical resection in the
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Second Xiangya Hospital of Central South
University. Fresh clinical tissue samples were
immediately stored in liquid nitrogen for analy-
sis. None of the patients had received anti-
tumor therapy before diagnose. This study was
ratified by the Research Ethic Committee of the
Second Xiangya Hospital of Central South
University.

Cell culture and transfection

The human LUAD cell lines A549 and NCI-H292
were purchased from Cell Bank of Type Culture
Collection of Chinese Academy of Sciences
(CBTCCCAS, Shanghai, China). They were cul-
tured in Dulbecco’s Modifed Eagle’'s Medium
(DMEM; Thermo Fisher Scientifc, Waltham, MA,
USA) supplemented with 10% fetal bovine
serum in a humidified atmosphere of 5% (v/V)
CO, at 37°C.

To overexpress TINCR, the coding sequence
region of human TINCR was amplified and
cloned into pcDNA3.1 vector (Invitrogen, Car-
Isbad, CA, USA) to produce pcDNA-TINCR. For
knockdown of TINCR or Sp1, the small interfer-
ing RNAs (siRNAs) targeting TINCR or Sp1, and
negative control (NC) siRNA were purchased
from Ribobio (Guangzhou, China). They were
labeled as si-TINCR, si1-Sp1, si2-Sp1 and NC,
respectively. The target sequences of siRNAs
were as follows: si-TINCR, 5-GCAGAGTCATC-
ACTACCTT-3’ (sense); sil-Spl, 5’-CCAACAGATT-
ATCACAAAT-3’ (sense); si2-Spl, 5-AAGCGCTT-
CATGAGGAGTG-3' (sense). The miR-107/miR-
1286 mimic or inhibitor, which were synthe-
sized and obtained from RiboBio (Guangzhou,
China), were transfected into A549 cells to sep-
arately generate miR-107/miR-1286 overex-
pression or knockdown model. A549 and NCI-
H292 cells were plated in 6-well plates for 24
hours (h), followed by being transfected with
indicated siRNAs or plasmids using Lipofe-
ctamine 2000 (Invitrogen) in accordance with
the manufacturer’s instructions. Approximately
48 h after transfection, cells were collected for
the following assays. Transfection efficiency
was evaluated by quantitative real-time poly-
merase chain reaction (QRT-PCR) assay.

RNA extraction and qRT-PCR assay

Total RNA was isolated from indicated tissues
or cells by Trizol reagent (Invitrogen, Carlsbad,
CA) according to the manufacturer’s instruc-
tions. Afterwards, TINCR, Sp1, BTRC or RAB14
was reversely transcribed to a single-stranded
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cDNA using Reverse Transcription System Kit
(Takara, Dalian, China). Reverse transcription
of miRNA-107 or miR-1286 was performed
using miRNA First-Stand cDNA Synthesis Kit
(GeneCopoeia, Guangzhou, China). qRT-PCR
assay was performed by using SYBR Premix Ex
Taq (Takara Biotech, Japan) on an ABI 7900
system (Applied Biosystems, Foster City, CA,
USA). The housekeeping gene glyceraldehy-
de 3-phosphate dehydrogenase (GAPDH) was
used as an internal control to normalize expres-
sion levels of genes, and U6 was used as an
internal reference for miR-107 and miR-1286.

The relative quantification of TINCR, Sp1, miR-
107 and miR-1286 were calculated by the 2-24¢t
method. The PCR primers designed for gen-
es are shown as below: GAPDH, forward
5-ACGGATTTGGTCGTATTGGGCG-3’ and rever-
se 5-GCTCCTGGAAGATGGTGATGGG-3’; TINCR,
forward 5-GATCTCAC TCCAGGGTCTG-3’ and
reverse 5-GAGTGTCTGAAGCAGTGTG-3’; Sp1,
forward 5-GTCCGCCCTCTGACCAAGAT-3’ and
reverse 5-AAGGCACCACCACCATTACC-3’; BT-
RC, forward 5-CCTGCGCCTGAGAGGTAAGA-3’
and reverse 5-CACAGAGACCTGGGCATAGA-3’;
RAB14, forward 5-TGGCAGTGTTTGGGGACA-
TT-3" and reverse 5-CAGCAGGTAAGCAACAG-
TGC-3’; U6, forward 5-CTCGCTTCGGCAGCA-
CA-3' and reverse 5-AACGCTTCACGAATTTG-
CGT-3’; miR-107, forward 5-AGCAGCATTGTA-
CAGGGCTATCA-3’ and reverse 5-GCGAGCAC-
AGAATTAATACGAC-3’; miR-1286, forward 5'-
TGCAGGACCAAGATGAGCCCT-3' and reverse
5-GCGAGCACAGAATTAATACGAC-3..

Cell proliferation assay

A Cell Counting Kit-8 (CCK-8) assay was
employed to evaluate the proliferative ability of
A549 and NCI-H292 cells. Transfected cells
(NC or si-TINCR; pcDNA 3.1 or TINCR) were cul-
tured in 96-well plates and incubated for 24,
48 and 72 h. Optical density values were mea-
sured using the CCK-8 solution (Beyotime
Institute of Biotechnology, Shanghai, China) in
accordance with the manufacturer’s protocol.
Each group was repeated three times indepen-
dently. The absorbance values at each point
were measured at 450 nm.

Cell migration assay

The scratch wound-healing assay and transwell
assay were employed to evaluate the migratory
ability of A549 and NCI-H292 cells. For the
scratch wound-healing assay, cells were plated
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on 6-well plates and scraped by a pipette tip to
generate uniform wounds prior to transfection
(NC or si-TINCR; pcDNA3.1 or TINCR). Each well
was washed thrice with PBS to remove floating
cells. The initial distance (0 h) and the distanc-
es traveled by cells after 24, 48, and 72 h of
scratching were detected microscopically at a
magnification of 200x for each group. For tran-
swell assay, transfected cells suspended in
serum-free medium were added to the upper
chamber at 37°C. Meanwhile, the modified
Eagle medium containing 10% fetal bovine
serum was added to the lower chamber. After
48 h of incubation at 37°C, cells remaining on
the upper membrane were removed by cotton
tip carefully, and adherent to underside of the
membrane were fixed in 4% polyoxymethylene
and stained with 1% crystal violet. The stained
cells (migrated cells) were visualized in random
fields using an optical microscope at a magnifi-
cation of 200x for each group.

Cell invasion assay

The transwell assay to assess cell invasive
ability was performed using Matrigel invasion
chambers (BD Biosciences, Franklin Lakes,
New Jersey, USA) according to the manufactur-
er's instructions. Transfected cells suspended
in serum-free medium were added to the upper
chamber pretreated by Matrigel at 37°C for 2 h.
The following steps were in accordance with
aforementioned transwell assay. The stained
cells (invaded cells) were visualized in random
fields using an optical microscope. Each experi-
ment was performed in triplicate.

Luciferase reporter assay

The partial sequences of TINCR untranslated
region (3'UTR) containing wide-type (WT) or
mutant-type (MUT) miR-107/miR-1286 binding
sites were cloned into the pGL3-Basic lucifer-
ase vector (Promega, Madison, WI, USA) to
generate TINCR WT and TINCR MUT. The con-
structed luciferase vectors were subsequently
transfected into A549 and NCI-H292 cells
along with pRL-TK vector (Promega, Madison,
WI, USA) and miR-NC/miR-107/miR-1286,
respectively. The luciferase activities were
measured 48 h post-transfection.

Statistical analysis

All data normally distributed were expressed as
mean + standard deviation. Student’s t-test
and one-way ANOVA analysis were employed to
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assess significant difference of different
groups. A P-value < 0.05 was considered to be
statistically significant. The correlation between
TINCR expression and clinicopathologic fea-
tures of LUAD patients was examined by
Pearson’s chi-square test. All statistical analy-
ses were performed using the SPSS software
(version 18.0, SPSS Inc., Chicago, IL, USA).

Results

TINCR is downregulated in LUAD tissues and
correlates with lymph mode metastasis and
TNM stage

To explore the role of TINCR in LUAD, expres-
sion of TINCR was assessed according to
GEPIA (http://gepia.cancer-pku.cn/detail.php?
gene=TINCR), which is a visual database of The
Cancer Genome Atlas (TCGA). As illustrated in
Figure 1A, TINCR was significantly down-regu-
lated expressed in LUAD tissues compared to
adjacent normal tissues. In addition, significant
difference was observed in the TINCR expres-
sion of LUAD tissues at different stage. Next,
the expression profile of TINCR was analyzed
using gRT-PCR in 29 LUAD tissues compared
with paired adjacent normal tissues. Results
indicated that TINCR was evidently downregu-
lated in LUAD tissues compared with paired
adjacent normal tissues (Figure 2B, P < 0.01).
Then we explored the association between
TINCR and clinicopathological parameters. As
shown in Table 1, TINCR expression was not
correlated with age, gender, smoking status
and histology, but associated with TNM stage
or lymph node metastasis (P < 0.05). Taken
together, these findings revealed that TINCR is
downregulated in LUAD tissues and correlates
with TNM stage and lymph mode metastasis.

TINCR exerts no effects on the proliferation of
LUAD cells

To investigate the effect of TINCR in LUAD, the
proliferative ability of A549 and NCI-H292 cells
were detected by CCK-8 assay at first.
Expression of TINCR in A549 and NCI-H292
cells transfected with si-TINCR was significantly
reduced, while that in those cells transfected
with pcDNA-TINCR was evidently increased
(Figure 2A, 2B, P < 0.05, P < 0.01, P < 0.001).
These results indicated that TINCR was effec-
tively knocked down or overexpressed after
siRNA or pcDNA treatment. Results of CCK-8
assay presented that no significant difference
was observed in the proliferative ability of A549
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Figure 1. TINCR is low expressed in LUAD tissues. A. TINCR was low expressed in LUAD tissues (Left panel), and its
expression profiling in LUAD at different stage was visualized (Right panel) according to GEPIA (http://gepia.can-
cer-pku.cn/detail.php?gene=TINCR). B. TINCR was significantly downregulated in 29 LUAD tissues compared with
paired adjacent normal tissues as analyzed by qRT-PCR. Data shown are mean * standard deviation. Statistically
significant differences are indicated as **, P < 0.01; student’s t-test. The experiment was repeated at least three
times. TINCR, tissue differentiation-inducing non-protein coding RNA; LUAD, lung adenocarcinoma; GEPIA, Gene
Expression Profiling Interactive Analysis; qRT-PCR, quantitative real-time polymerase chain reaction.
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Figure 2. TINCR exerts no effects on the proliferation of LUAD cells. A, B. Expression of TINCR was determined
by gRT-PCR in A549 and NCI-H292 cells after treated with si-TINCR, pcDNA-TINCR or NC, respectively. C, D. The
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proliferation of A549 and NCI-H292 cells treated with si-TINCR, pcDNA-TINCR or NC was detected by CCK-8 assay,
respectively. Data shown are mean + standard deviation. Statistically significant differences are indicated as *, P <
0.05, **, P < 0.01; student’s t-test. The experiment was repeated at least three times. TINCR, tissue differentiation-
inducing non-protein coding RNA; LUAD, lung adenocarcinoma; qRT-PCR, quantitative real-time polymerase chain
reaction; NC, negative control; siRNA, small interfering RNA; CCK-8, cell counting kit-8.

Table 1. Correlation between TINCR expression and clinicopathologic

features of LUAD patients

72 h comparable to NC
group (Figure 3A, P <

TINCR expression

0.05, P < 0.001). Con-

Parameters High Low Total P value \rlaetrse;:‘/' A5t23 Cerlrl]isg'z?;ﬁrsy
N =11 (37.93%) N=18(62.07%) N=29 fected with pcDNA-TINCR

Age (vears) was obviously facilitated
<63 5 (17.24%) 12(41.38%) 17 02688 4 48 and 72 h compara-
>63 6 (20.69%) 6 (20.69%) 12 ble to NC group (Figure
Gender 3A, P < 0.05). Similar
Male 8 (27.59%) 15 (51.73%) 23  0.9391 results were obtained in
Female 3(10.34%) 3(10.34%) 6 the case of NCI-H292
Histology cells (Figure 3B, P < 0.05,
Squamous 2 (6.90%) 3(10.34%) 5  0.3612 P < 0.01). Additionally,
Adenocarcinoma 9 (31.03%) 15 (51.73%) 24 the transwell assay reve-
Smoking Status faled the migratory capac-
ity of Ab49 and NCI-H292

Current-smokers 7 (24.14%) 12 (41.38%) 19 0.8700 cells transfected with si-
Never-smokers 4 (13.79%) 6 (20.69%) 10 TINCR was strengthened
TNM Stage comparable to NC group,
/11 3 (10.35%) 18 (62.07%) 21 0.0484 while that of those cells
/v 4 (13.79%) 4 (13.79%) 8 with pcDNA-TINCR was
Lymph mode metastasis 0.0374 weakened comparable to
Presence 4 (13.79%) 2 (6.90%) 8 NC group (Figure 3C, 3D).
Absence 5 (17.24%) 18 (62.07%) 21 The Matrigel assay indi-

P-values were calculated by Pearson’s chi-square test.

and NCI-H292 cells transfected with si-TINCR
in comparison with NC group (Figure 2C, 2D).
Similar results were obtained in the case of
cells transfected with pcDNA-TINCR (Figure 2C,
2D). Taken together, these results revealed that
TINCR exerts no effects on the proliferation of
LUAD cells.

TINCR suppresses the migration and invasion
of LUAD cells

In order to investigate the function role of TIN-
CR in LUAD, experiments regarding TINCR over-
expression and knockdown were performed in
A549 and NCI-H292 cells to determine their
migratory and invasive abilities. Both the
scratch wound-healing and transwell assays
were employed to detect cell migration. The
scratch wound-healing assay showed that the
migratory rate of A549 cells transfected with si-
TINCR was significantly attenuated at 48 and

4766

cated that siRNA treat-
ment evidently promoted
the invasive capacity of
A549 and NCI-H292 cells compared to NC
group, while pcDNA treatment had an opposite
effect (Figure 3E, 3F). Collectively, these data
indicated that TINCR suppresses the migration
and invasion of LUAD cells.

Knockdown of Sp1 suppresses the expression
of TINCR in LUAD cells

Reportedly, Spl regulated the expression of
TINCR through binding its promoter region in
gastric cancer [16], breast cancer [20], and
colorectal cancer [25]. According to GEP-
IA database (http://gepia.cancer-pku.cn/detail.
php?gene=TINCR), the correlation between
TINCR and Sp1 in LUAD tissues and adjacent
normal tissues was analyzed. As presented in
Figure 4A, TINCR correlated with Sp1 expres-
sion in LUAD tissues (p-value = 1.7e-05;
Spearman). Subsequently, in order to investi-
gate the effect of Sp1l on TINCR expression in

Am J Transl Res 2019;11(8):4761-4775
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Figure 3. TINCR constrains the migration and invasion of LUAD cells. A, B. The migratory rate of A549 and NCI-H292
cells transfected with si-TINCR or pcDNA-TINCR were evaluated by the scratch wound-healing assay. C, D. The migra-
tory capacity of A549 and NCI-H292 cells transfected with si-TINCR or pcDNA-TINCR for 48 h were analyzed by the
transwell assay. E, F. The invasive capacity of A549 and NCI-H292 cells transfected with si-TINCR or pcDNA-TINCR
for 48 h were assessed by the transwell assay. Each image was taken at 200x magnification. Data shown are
mean + standard deviation. Statistically significant differences are indicated as *, P < 0.05, **, P < 0.01, ***, P
< 0.001; student’s t-test. The experiment was repeated at least three times. TINCR, tissue differentiation-inducing
non-protein coding RNA; NC, negative control; siRNA, small interfering RNA; h, hour.

LUAD, two specific siRNAs were designed and
synthesized to inhibit Spl, and then TINCR
expression were examined. A549 and NCI-
H292 cells were transfected with NC or siRNA
targeting Sp1 (si1-Sp1, si2-Spl). As analyzed by
gRT-PCR, expression of Spl was effectively
knocked down when cells transfected with sil-
Spl (Figure 4B, 4C, P < 0.01, P < 0.001). In
details, si-Sp1 in NCI-H292 cells showed better
efficiency than in A549 (Figure 4B, 4C).
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Similarly, expression of TINCR was significantly
decreased when A549 and NCI-H292 cells
transfected with sil-Spl1 as detected by qRT-
PCR (Figure 4D, 4E, P < 0.05). However, no
obvious difference was obtained in the expres-
sion of TINCR in A549 and NCI-H292 cells
transfected with si2-Spl compared to NC
(Figure 4D, 4E). Collectively, si1-Sp1 exhibits
better efficiency and downregulation of Spl
suppresses the expression of TINCR.

Am J Transl Res 2019;11(8):4761-4775
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Figure 4. Downregulation of Sp1 suppresses the expression of TINCR. A. The correlation between TINCR and Sp1
in LUAD tissues (Left panel) and adjacent tissues (Right panel) was analyzed according to GEPIA database (http://
gepia.cancer-pku.cn/detail.php?gene=TINCR). B, C. Sp1 expression in A549 and NCI-H292 cells after transfection
of NC (siRNA negative control) or si1-Sp1, si2-Sp2. D, E. TINCR expression in A549 and NCI-H292 cells after trans-
fection of NC (siRNA negative control) or si1l-Sp1, si2-Sp2. Data shown are mean * standard deviation. Statistically
significant differences are indicated as *, P < 0.05, **, P < 0.01, ***, P < 0.001; student’s t-test. The experiment
was repeated at least three times. TINCR, tissue differentiation-inducing non-protein coding RNA; NC, negative con-

trol; siRNA, small interfering RNA.

TINCR inhibits the expression of miR-107/miR-
1286, and is a target of them in LUAD cells

To investigate the association of TINCR with
mMiR-107/miR-1286, expressions of miR-107/
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miR-1286 were detected by qRT-PCR assay in
A549 and NCI-H292 cells after TINCR knock-
down or overexpression. As shown in Figure
5A, knockdown of TINCR by transfection with
si-TINCR led to obviously increased expressions
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of miR-107 (P < 0.05) and miR-1286 (P < 0.05), TINCR and miR-107/miR-1286 in LUAD cells.
while overexpression of TINCR by transfection Using the online software programs starBase
with  TINCR pcDNA contributed to evidently (http://starbase.sysu.edu.cn/) and TargentSc-
decreased expressions of miR-107 (P < 0.01) an (http://www.targetscan.org/mamm_31/),
and miR-1286 (P < 0.05) in A549 cells. results revealed that both miR-107 (Figure 5C)
Moreover, similar results were observed in NCI- and miR-1286 (Figure 5D) formed complemen-
H292 cells (Figure 5B, P < 0.05, P < 0.01). tary base pairings with TINCR. There existed

putative miR-107-binding and miR-1286-bind-
On the basis of the aforementioned results, we ing sites in 3'UTR of TINCR (Figure 5C, 5D).
further investigate the correlation between Luciferase reporter vectors were therefore con-
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structed to confirm the direct target between
TINCR and miR-107/miR-1286. The luciferase
activity was detected in A549 and NCI-H292
cells after co-transfecting with TINCR WT, pRL-
TK vector and miR-NC/miR-107/miR-1286, or
TINCR MUT, pRLTK vector and miR-NC/miR-
107/miR-1286. As a result, luciferase activity
was remarkably lower in miR-107 + TINCR-WT
group and miR-1286 + TINCR-WT group com-
pared to miR-NC group in both A549 and NCI-
H292 cells (Figure 5E, 5F, P < 0.05, P < 0.01).
However, no significant difference was obs-
erved in the luciferase activity of miR-107 +
TINCR MUT group and miR-1286 + TINCR MUT
group compared to miR-NC group in both A549
and NCI-H292 cells (Figure 5E, 5F). Taken
together, these results indicated that TINCR
inhibits the expression of miR-107/miR-1286,
and is a target of them in LUAD cells.

Predictive targets of miR-107/miR-1286 ac-
cording to bioinformatics analyses

In order to explore the potential miR-107/miR-
1286-related mechanism in LUAD, their possi-
ble targets were predicted according to bioin-
formatics analyses. Four databases, picTar
(https://pictar.mdc-berlin.de/cgi-bin/PicTar_
vertebrate.cgi), miRanda (http://www.microrna.
org/microrna/home.do), Targetscan (http://
www. targetscan.org/vert_72/), and RNA22
(http://www.mybiosoftware.com/rna22-v2-mi-
crorna-target-detection.html), were applied to
explore potential targets for miR-107. We
obtained 46 potentials targets according to the
overlap of every database (Figure 6A), which
was listed in Supplementary Table 1. With an
aim to explore the interactive relationship of
these 46 potential targets, they were mapped
to STRING online database (https://string-db.
org/cgi/input.pl). Their PPl network was visual-
ized and shown in Figure 6B (Left panel).
Subsequently, hub genes were obtained and
screened by Cytoscape software (version 3.4.0,
available online: http://www.cytoscape.org/)
according to degree score, as presented in
Figure 6B (Right panel). The hub gene BTRC
achieved the highest degree score (= 6.000),
indicating it was the target gene of miR-107
most likely.

As for the prediction of potential targets
for miR-1286, only two databases, miRDB
(http://mirdb.org/), and Targetscan (http://
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www.targetscan.org/vert_72/), were therefore
employed because of its few studies. We
obtained 474 potentials targets according to
the overlap of two databases (Figure 6A), whi-
ch was listed in Supplementary Table 2. The fol-
lowing analyses were similar to the case of miR-
107. The PPI network of the top-100 potential
targets was visualized and shown in Figure 6C
(Left panel) and hub genes were obtained and
screened by Cytoscape software (version 3.4.0,
available online: http://www.cytoscape.org/)
according to degree score (Figure 6C, right
panel). The hub gene RAB14 achieved the high-
est degree score (= 3.443), indicating it was
the target gene of miR-1286 most likely.

Based on the above prediction, the verification
in vitro for the screened targets of miR-107 and
miR-1286 was performed. Namely, the effect
of miR-107/miR-1286 on the expression level
of BTRC/RAB14 was evaluated in A549 cells.
As displayed in Figure 6D, the expression level
of BTRC was significantly reduced in miR-107
mimic group compared to NC mimic group (P <
0.01), while that was augmented in miR-107
inhibitor group compared to NC inhibitor group
(P < 0.001). Similar results were obtained in the
case of the expression level of RAB14 detected
after miR-1286 overexpression or knockdown
(Figure 6E, P < 0.05, P < 0.01). These indicated
that miR-107 could target BTRC and miR-1286
could target RAB14. Next, the correlation
between TINCR and BTRC, TINCR and RAB14 in
LUAD tissues and adjacent normal tissues was
analyzed according to GEPIA database (http://
gepia.cancer-pku.cn/detail.php?gene=TINCR).
Results presented in Figure 6F, 6G showed
that TINCR correlated with BTRC or RAB14
expression in LUAD tissues (p-value = 9.6e-05;
p-value = 0.0027; Spearman). Taken together,
these results indicated that BTRC or RAB14
might be a target of miR-107 or miR-1286,
which was involved in the progression of LUAD.

Discussion

Countless improvements have been achieved
in the understanding of molecular mechanisms
of LUAD development and progression, howev-
er, the specific mechanisms of LUAD still remain
largely unknown [26]. LncRNAs are largely
reported to be dysregulated in many types of
human cancers. Many dysregulated IncRNAs
have also been identified in LUAD [11, 27, 28].
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at least three times. miR, microRNA; PPI, protein-protein interaction; TINCR, TINCR, tissue differentiation-inducing
non-protein coding RNA; BTRC, beta-transducin repeat containing E3 ubiquitin protein ligase; RAB14, member RAS
oncogene family; gRT-PCR, quantitative real-time polymerase chain reaction; NC, negative control; LUAD, lung ad-
enocarcinoma; GEPIA, Gene Expression Profiling Interactive Analysis.

As previous reported, TINCR exerts discrepant
effects in various cancers. For example, Tong
peng Xu, et al. reported that TINCR was aber-
rantly expressed in gastric cancer, and E2F1/
TINCR/STAU1/CDKN2B signaling axis contrib-
uted to the oncogenic potential of gastric can-
cer [29]. Zhang ZY, et al. revealed that TINCR
was statistically downregulated in colorectal
cancer, and its loss promoted the proliferation
and metastasis of colorectal cancer through
activating EpCAM cleavage [17]. Notably, recent
literature has emerged that offers contradicto-
ry findings about the role of TINCR in lung can-
cer. This is exemplified in the study conducted
by Zhijun Zhu, et al. [21], which reported that
TINCR was upregulated in non-small cell lung
cancer and promoted NSCLC tumorigenesis
and progression via BARF-activated MAPK
pathway [19]. Conversely, Xiaochun Liu, et al.
pointed out that TINCR expression was down-
regulated in lung cancer and suppressed prolif-
eration and invasion through regulating miR-
544a/FBXW7 axis in lung cancer [18]. In this
study, we found TINCR was downregulated in
LUAD tissues on the basis of GEPIA database
coupled with the detection in 29 LUAD patients.
In addition, TINCR expression was closely cor-
related with TNM stage or lymph node
metastasis.

To further reveal the function role of TINCR, a
series of tests were performed in LUAD cell
lines A549 and NCI-H292. Results indicated
that TINCR overexpression led to an obvious
repression in migration and invasion, while
TINCR knockdown resulted in an evident pro-
motion of migration and invasion in LUAD cells.
However, neither TINCR overexpression nor
knockdown contributed to the proliferation of
LUAD cells, different from the results of the
inhibitory role of TINCR in lung cancer cell lines
A549 and H460, reported by Xiaochun Liu et al.
[18]. This may be attributed to the different
source of cell lines, cell passage number and
cellular state.

Spl is a transcription factor and reported to
promote cancer progression through altering
the expression of other genes. This is evident in
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the case that Guanghua Liu, et al. indicated
that Sp1 bound to the IncRNA-SNHG14 promot-
er region and promoted its transcription [30]. In
fact, Sp1 binding to TINCR promoter region to
alter its expression has been demonstrated in
gastric cancer [16], breast cancer [20], and
colorectal cancer [25]. On the basis of GEPIA
database, TINCR correlated with Spl expres-
sion in LUAD tissues. Afterwards, we found that
knockdown of Spl resulted in the decreased
expression of TINCR in LUAD cells. This con-
veyed information that Spl could alter TINCR
expression in LUAD.

Mounting evidence has recently shown a novel
regulatory mechanism between IncRNAs and
mMiRNAs-IncRNAs serve endogenous molecular
sponges to compete for miRNAs, thus negative-
ly regulating miRNA expression [31]. For exam-
ple, TP73-AS1 promotes breast cancer prolifer-
ation through miR-200a-mediated TFAM inhibi-
tion [32]. The IncRNA MEG3 functions as a
competing endogenous RNA of miR-181s to
regulate the progression of gastric cancer [33].
Intriguingly, an integrated analysis of IncRNA
competing interactions in human gastric can-
cer demonstrated that TINCR probably func-
tions as ceRNA with numerous potential miR-
NAs [34]. We therefore speculated that this
regulatory mechanism existed in LUAD.
According to bioinformatics databases (star-
Base and TargetScan), we found miR-107 and
miR-1286 that may interact with TINCR. The
regulating relationship between TINCR and
miR-107 or miR-1286 was confirmed based on
the following: 1) overexpression of TINCR con-
tributed to evidently decreased expressions of
miR-107 and miR-108, while knockdown of
TINCR had an opposite effect; 2) the direct
binding ability of the predicted miR-107 or miR-
1286 binding site on TINCR was validated by
luciferase activity assay. In fact, the regulating
relationship between TINCR and miR-107 has
been demonstrated in colorectal cancer [35].
MiR-107 has been identified as a critical role in
lung cancer [36, 37]. However, what is less
clear is the function role of miR-1286 in various
cancers. Next, the targets of miR-107/miR-
1286 were predicted according to bioinformat-
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Figure 7. Schematic model of Sp1-induced upregula-
tion of TINCR inhibits cell migration and invasion by
regulating miR-107/miR-1286 in LUAD. TINCR, tis-
sue differentiation-inducing non-protein coding RNA;
miR, microRNA; LUAD, lung adenocarcinoma.

ics analyses and verified in LUAD cells. miR-107
downregulated the expression of BTRC and
miR-107 downregulated the expression of
RAB14. Moreover, TINCR correlated with BTRC
or RAB14 expression in LUAD tissues according
to GEPIA database. Our results revealed that
BTRC or RAB14 was a target of miR-107 or
miR-1286 to be involved in the progression of
LUAD, which provided the direction of further
research. As illustrated in Figure 7, these data,
while preliminary, suggested a possible regula-
tory mechanism in which upregulation of TINCR
induced by Spl could constrain the migration
and invasion through regulating miR-107 or
miR-1286 in LUAD cells.

Despite these promising results, few limita-
tions characterizing this study cannot be
ignored. For example, the regulatory mecha-
nism of Sp1 on TINCR in LUAD remains unclear;
the verification of BTRC or RAB14 as a target of
miR-107 or miR-1286 by different methods is
worth exploring; the function role of miR-107 or
miR-1286 in LUAD is currently unclear. Further
studies, which take these aspects into account,
will need to be undertaken.

In conclusion, our findings offer insight into a
possible mechanism of TINCR in LUAD and sug-
gest TINCR might be used as a new biomarker
and therapeutic target for LUAD patients.
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Supplementary Table 1. The list of 46 poten-
tial targets of miR-107
Gene name
RUNX1T1
DCBLD2
DICER1
ZNRF3
PCGF5
CDK14
MBNL1
CDK5R1
EIF5
HNRNPA2B1
PEG10
SIK2

NFIA
BTG2
CPEB3
MAP4
RBM24
SLAIN2
RDH10
YWHAH
BTRC
MTMR4
SATB2
CXorf23
SNX3
KIF23
FBXW7
GPATCHS8
RASSF5
DCUN1D4
COPS2
ZNF449
ZNRF2
MYB
CC2D1B
BDNF
GPCPD1
MEF2D
PIK3R1
RAB11FIP2
SNRK
BSDC1
ARNT
FAM81A
ZC3H12C
SIPA1L2




TINCR involves in lung adenocarcinoma

Supplementary Table 2. The list of 474 poten-
tial targets of miR-1286

Gene name

MAFB
ALPK1
NFATS
FBXO11
MAP1B
SOGA1
ATP8B2
SEC24C
BACH2
PURB
VDAC3
HIF1AN
ACIN1
PCDH17
SON
TSPAN11
MYD88
UBQLN1
ABHD16A
UsP42
TAF5L
DRC1
CHIA
IPCEF1
HNRNPK
PCSK6
STK16
KLF12
RAB14
STOML1
PITPNM3
GAS7
ASPH
SLC35A4
CHIC1
RASSF5
LARP1
IGSF9B
Cl16orf47
C200rf197
DYNAP
NCS1
ZNF423
ARHGEF3
SIPA1L1
CHST5
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SDR39U1
PLINS
MICAL2
PHYHIP
SF3A1
RAB5B
DIRAS1
GDF2
KDM6B
CDC42BPB
LETMD1
RORB
ZNF562
ARAP2
DEK
SSH1
ZDHHC15
DGKI
SLC39A10
CAMKK1
BCAP29
MAGEC2
cD4a7
NEK9
WNT1
PPME1
DDX11
PLXNA4
FBX041
ATXN1
MMP16
PITPNB
ABL2
SLC24A4
H
AP3B1
RIMS3
SERTAD2
KCNE1
TUFT1
PRRG1
NPHS1
F8
NFASC
OASL
BAZ1B
PIK3C2A
PAPOLB
CNTNAPL



TINCR involves in lung adenocarcinoma

FAM49B
DDB2
RAB35
UNCS5C
DCUN1D2
TEAD1
ASF1B
RAB11FIP1
FAAH
CNOT2
CCNYL1
SYT4
MRPL22
ATXNAL
PTPRJ
FAM155B
WNK3
SNTG2
DDX55
TNRC6C
TMEM132E
RB1CC1
RBM14
NAT9
DBNDD1
TXNDC17
CHRD
SKIDA1
KIAAD930
MIEF2
LGALSL
NOS1
LIMAL
ARLAC
NUDT?7
AVPR2
WARS
CECR2
EBF2
ITPR2
APPBP2
UVRAG
PCP4
POM121
CPLX1
RASGEF1B
STIM2
CDCA5
SEC14L1
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TLK1
ATP13A3
PHLDA3
SYVN1
BCL7A
NTNG2
NCOR1
CTSO
T™MUB2
MAML2
DVL3
CCDC85C
CCNK
OPRK1
FOXP1
C19orf12
MAVS
PTPN5
ARL10
SAMD12
MEF2C
ZNF543
TMEM201
NGB
MAP3K7
RUNX1
CCR9
FAIM2
RCL1
NAIP
KIF21B
CHAF1A
PSMA5
EGLN3
CDKN2A
ZNF609
CAPZA1
FBXL19
TPCN2
PCYT1B
CNTD1
CAB39L
ATP11A
KRTAP5-7
AFF2
THRAP3
SMOX
SH2D4B
PCGF5
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KRTAP5-9
ZNRF1
IDH3G
KIAA1143
CAMKV
PXDC1
CD68
ABHD15
PRDM15
NMNAT2
MTMR9
BTBD7
CALCA
RORA
ASH1L
MYO9A
MED13L
DOCK3
ABCB9
CSTF3
MAP3K11
KCNK3
TSPAN9
SLC7A14
ZAP70
AGO1
DAO
CSNK2B
HPCAL4
VPS26A
VPREB1
SLC38A1
PLEKHB2
SETD2
ELAVL2
GATA3
GALNT2
EXOSC2
GRIK3
PPP1R16A
KDM5B
PLA2G4C
ADPRHL1
PIK3AP1
RD3
SH3KBP1
VANGL1
ABHD14A
OTUD4
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HMGN1
RABAC1
PIAS2
PISD
ATRN
RCC1
DPT
ZMAT3
USP3
ARSJ
ATPGAP1
DDX52
ICMT
CHEK1
RSL24D1
DOLPP1
IL2RB
CD6
TRIM39
KLHL36
KLF3
DNAJC13
LRPPRC
ALKBH1
STOML3
NTNG1
ATF2
GPATCH2
FCRLA
DDHD2
TMEM217
NFATC2
DLG2
RPS27L
PXT1
ASCC2
TMSB4Y
SLC26A4
KRT79
INSR
MR1
CPA4
MMP8
AMOTL1
ZNF770
ADAMTS19
AMER1
GMFB
SMIM12
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DOCK4
TSPEAR
GAB3
KCNAB2
SWAP70
TSHR
CDS2
AAR2
TRHDE
MLXIP
PREP
CRISPLD1
FARSB
DPM2
NICN1
LCT
PTPRN2
SYNPO
ZFYVE27
FHL1
REG1B
STON1
TMEM107
TMEM198
STAT5B
SDK2
PNPLAS5
HECA
SCRN1
APOLD1
HIPK1
HNRNPUL2
APOC3
GNAS
uspP24
PMPCB
ROBO2
CTTNBP2NL
ELAC1
TFCP2L1
TNNI1
XIRP1
SPATAS
AP2A2
MFAP4
COBL
MGRN1
PRR16
HOPX
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CASK
IGDCC3
CDK5R1
CASP2
BEST2
BSN
MCM4
SLC48A1
LDLRAD2
NOTCH3
BRD4
NLRC5
NIPSNAP1
FAM102A
SLC4A4
GTF3C4
FASN
NAP1L4
FzD1
PACS2
ACER1
C1orf226
PHC1
TIPIN
ZFP41
EGLN2
FBX04
ORAI1
IRF8
EBPL
ITPR3
ALPK3
NF2
SZT2
GJA3
GABBR2
P4HA1
IGF2
MAP3K9
TBC1D5
MATN1
SPATA13
TMEM170B
XPNPEP3
CHD2
CNR1
GPR158
CRNN
CHTF8
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ZIC5
FGF17
TAOK1
RPSG6KAL
FASLG
AKNA
PNRC2
MMP10
CMTM4
LARS
IFITM2
GOLGA7B
ST3GAL1
STX16
ACVR2B
GRIN2A
MMEL1
CXorf40B
REEP3
POLE
ZNF736
MBNL2
IL12RB1
S1PR2
ACOX3
SHISA6
EMCN
WIPF2
TMEM64
WIPI2
RPL10O
CAMK1D
SLC24A2
ELFN2
GSK3B
CAMK2A
ENTPD6
FZD8
SLC6A3
GGA2
TUBGCP3
NLK
LRP2
CEACAM1
ZMAT2
ADARB1
VPS53
coxeB2
CNRIP1
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MTA3
TBC1D1
GOLGA1
LIN28A
SCAMP2
SH3BP2
PANK2
VAMP1
RNF115
AMMECR1L
AK4
GAP43
GALNTL6
GNPDA1
FER
PIK3R5
BIRC3
NCKIPSD
GSG1
SIAH3
CYTH3
DCAF7
TRIM25
GAL3ST3
REPS2
CWC25
HPCA
ZFYVE1
GPR63
GAS8
RAB3D
MXD1
TMEM33
MTMR3
CYBB
HESX1




